ABSTRACT The intrinsic capacity of the immune system to elicit immune response selectively against late developing sperm proteins has been mobilized to intercept spermatogenesis. Bacillus Calmette-Guerin given in appropriate doses intratesticularly is effective in bringing about this effect. In dogs and rhesus monkeys, the sperm count in the semen declined precipitously, and almost complete azospermia was attained in 4-6 weeks after immunization. The few sperm cells that were present were immotile. Examination of serial sections of testes in immunized rats showed about 98% of the tubules to be devoid of sperm. The tubules were partially or fully atrophied. The basement membrane was, however, intact and the peritubular cell layer was normal. Sertoli cell nuclei were apparently normal but the cytoplasm was vacuolated and, in most cells, partially disintegrated. The lumen of the tubules was exhausted of formed elements and at times filled with eosinophilic debris. Leydig cells were present and hyperplasia of interstitial cells was seen, with massive infiltration of leukocytes. Blood testosterone levels were in the normal range and Leydig cells were responsive to gonadotropins. Libido was intact. The method was applicable to a variety of mammalian species. The implications of the results are discussed.
Numerous attempts are being made to develop new methods for control of male fertility. Progestogens have been used to suppress the production and, possibly, the maturation of sperm cells (1) (2) (3) (4) . Dosages required to achieve azospermia, however, appear to vary widely from individual to individual; pregnancies have been recorded in couples in whom the male partner was seemingly on high dose, which, however, produced in him only oligospermia and not azospermia (4) . Intake of these steroids is accompanied by undesirable side effects, such as loss of libido (4, 5) , presumably by virtue of their antiandrogenic action (6) , thus demanding the supplementation of the regime with androgens (7) .
As an alternative to steroidal contraception, the feasibility of immunization against a number of sperm antigens is being explored. The most promising of the sperm-specific antigens are LDH-x (8) and acrosin (9) . A major limitation in their practical use is the difficulty in producing potent immune response in iso-or heterospecies; in spite of recourse to strong adjuvants such as Freund's complete adjuvant, a reduction, but not complete block, of fertility is obtained in test animals (10) .
This communication describes a simple and effective procedure for achieving aspermatogenesis in mammals. The method is based on the rationale that the body's immune system is tolerant to only those testicular constituents that are made and functional during fetal life. New proteins emerging with the onset of spermatogenesis in postnatal years are "foreign" to the immune system and intrinsically elicit immune response if the opportunity is given to do so. The validity of this hypothesis is supported by the frequent formation of antisperm antibodies in subjects undergoing vasectomy operations (11), a situation in which sperm cells escape the testicular barrier and are within reach of the immunocompetent cells. Indeed, autoallergic orchitis has been produced in the past (12) (13) (14) (15) (16) Abbreviation: BCG, bacillus Calmette-Gu6rin.
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Proc. Natl. Acad. Sci. USA 76 (1979) 5883 Spermatozoan Motility. A drop of fresh or liquefied semen was taken on a slide and covered with a cover slip; five fields were counted under high power. The motility was expressed on a 0-5 scale, where 0 indicated no motile sperm, 1 indicated 20% of sperm motile, 2 indicated 40% of sperm motile, and so on.
Spermatozoan Viability. One drop of the semen after liquefaction was incubated at 370C with a drop of eosin/nigrosin stain. A thin smear was prepared on a clear slide, air dried, and mounted in DPX mountant (BDH chemical). One hundred cells were counted under oil immersion. The dead sperm cells stained with eosin; living cells did not take the dye.
Histology. The testes, after dissection, were fixed in Bouin's solution. The tissues were transferred to a supersaturated solution of lithium carbonate in 70% alcohol for 24 hr, followed by passage through graded dilutions of alcohol. Paraffin blocks were made, and 5-to 6-Mm-thick deparaffinized sections of saline injected in the same way had no effect. The block to sperm formation was complete in approximately 98% of tubules examined in serial paraffin sections in rats; about 2% of the tubules had apparently normal appearance. Whether these were producing sperm in significant number is difficult to discern from histological sections. The few sperm that were found in the semen of immunized dogs, rams, and monkeys were invariably immotile. The basement membrane was intact in all tubules and the peritubular cell layer was normal. Tubules were partially or fully atrophied in almost equal proportion. In the partially atrophied tubules, different types of germinal cells up to, at most, the spermatid stage could be seen. The Sertoli cells had normal nuclei, but the cytoplasm was vacuolated and, in most cells, partially disintegrated. The lumen at times contained eosinophilic debris. In a few tubules, multinucleated giant cells were seen occasionally. Fig. 1 shows the typical histological features of testes in control and experimental rats. In the interstitial spaces, leukocyte infiltration was evident. The Leydig cells with normal cytoarchitecture were discernible (Fig. ii) . Whether their number was increased is difficult to ascertain with certainty. In most cases, hyperplasia of interstitial cells was seen.
Leydig cell function was not impaired, as gauged by random plasma testosterone levels, which were in the same range as in control animals (Fig. 2) . To exclude the possible contribution to blood of androgens from the adrenal cortex (instead of from the testes), we determined blood testosterone in immunized rats after injection of a load dose of gonadotropin. This hormone selectively stimulates steroidogenesis in the Leydig cells but does not stimulate steroidogenesis in the adrenal cortex. A rise in blood androgen level was seen in all immunized animals (Fig.  2) . Similar results were obtained in several other species of animals, complete data on which will be described elsewhere.
Sperm the. immune system is not tolerant and which are not present (or operative) during the fetal life. Thus, the basement membrane, Leydig cells, and other structures made in embryonic life are spared. By the same logic, it is expected that the immune response generated will be discriminatory and will not operate against other tissues considered as "self" components.
The choice of BCG for provoking autoimmune aspermatogenesis was arrived at after experimenting on almost a dozen other agents. The bacilli were effective in the killed state, but the dose requirement was much higher and the action was localized around the point of deposition.
There may be additional benefits of using BCG. Guinea pigs rendered aspermatic by intratesticular BCG developed delayed hypersensitivity to tuberculin. Besides protection against tuberculosis, BCG is an adjuvant and has the property of stimulating, in a general manner, the reticuloendothelial system, with resultant improvement of immunological capacities against infections. BCG therapy has also been reported to be beneficial in cancers (20) .
The present method spares surgery. Its side effects, if any, need to be carefully studied in model experimental animals. An advantage is the lack of fall in blood testosterone levels and retention of libido in a situation where spermatogenesis is nearly completely arrested.
